This investigation is aimed at providing a baseline survey of the current status of the occurrence and spatio-temporal distribution of amnesic shellfish poisoning (ASP) and paralytic shellfish poisoning (PSP) in the Nigerian coast, Gulf of Guinea. The study applied the Jellett Rapid Test technique to algal samples collected from 8 states of South-south (SS) and South-west (SW) zones of coastal Nigeria, spanning the Bight of Bonny to the Bight of Benin, in the Gulf of Guinea, during the rainy and dry seasons, to screen for the presence of the human syndromes of ASP and PSP produced by domoic acid and saxitoxin, respectively. Classified as low, medium, high and highest, various levels of these syndromes were detected across the length of the Nigerian coast. Comparatively, the SW region had more syndromes (PSP and ASP) (64%) than the SS (36%) region of Nigerian coast. The prevalence of PSP (68%) was more than ASP (31%) in both zones with rainy season also recording higher (27%) ASP and PSP for SW than SS (12%) zone. Seasonal consideration revealed that more syndromes (ASP and PSP) were recorded in the rainy season compared to the dry season. With the confirmed presence, spatial and temporal distribution of ASP and PSP in the coastal waters of Nigeria, the need for regular monitoring of algal syndromes and toxins screening is advocated.
INTRODUCTION
A small percentage of algae produce toxins. These toxins cause harm to human, culminating in what is known as human health syndromes. Among the toxins synthesized are domoic acid (DA) and saxitoxin (Sxt) responsible for human events that form groups of undesirable signs, patterns and symptoms indicative of a specific disease or disorder termed syndromes. Domoic acid and saxitoxin induce algal syndromes, respectively, known as amnesic shellfish poisoning (ASP) and paralytic shellfish poisoning (PSP) Zaccaroni and Scaravelli (2008) . Of all algal syndromes, ASP, PSP, occur world-wide (Gerssen et al., 2010) .
Amnesic shellfish poisoning is symptomatic of a pathological loss of short-term memory, dizziness, loss of balance, headache, disorientation, nausea, and vomiting (Lucas et al., 2005) while sensational vibration of the perioral area, respiratory distress, frequent and excessive bowel movements, nausea, slow and continued increase in grave paralysis, spiky responsiveness of the fingertips, headache, dizziness, fever, ataxia, protem blindness and eventual death via respiratory paralysis are signs of PSP (Van Dolah, 2000; Kadiri, 2011; Trainer and Hardy, 2015; Ajani et al., 2017) . Domoic acid which is responsible for ASP, is classified as tricarboxylic amino acid on the basis of chemical structure, while saxitoxin which causes PSP, is a purine-derived heterocyclic guanidine compound Zaccaroni and Scaravelli (2008) . They are both hydrophilic neurotoxic compounds affecting the exchange of information between the brain and the tendons (Arapov, 2013) . Some effects of these toxins range from loss of short term memory to gastrointestinal disorders, diarrhea, vomiting, headache, abdominal cramps, loss of balance, nausea, dizziness, incomprehension and paralysis (Lucas et al., 2005; Ajani et al., 2017) .
In the in-land and coastal Nigerian waters, just like other coastal areas in the world, variation in climate, pollution and eutrophication resulting from environmental changes can cause an upsurge in toxin amounts by indirect initiation of massive bloom of algae Ajani et al. (2017) , though Trainer and Hardy (2015) opined that they can also occur in pristine areas with little or no influence of nutrients input from anthropogenic activities. Shellfish transplantation and transportation of ballast water at the seaports can facilitate the in-flow of harmful/toxic, exotic species in and out of a country (Hallegraeff, 1998; Zhang and Dickman, 1999) . Filter feeding shellfish ASP vectors, Mytilus edulis (blue mussels), M. galloprovincialis (black mussel) Ajani et al. (2017) and PSP vector, Saxidomus giganteus (clams) Lucas et al. (2005) , zooplankton and herbivorous fishes ingest these algae and act as vectors to humans either directly (e.g., shellfish) or through further food web transfer of sequestered toxin to higher trophic level. Consumption of sea food contaminated with algal toxins result in sea food poisoning syndromes. Other associated human syndromes are diarrhetic shellfish poisoning (DSP), caused by a group of toxins represented by okadaic acid, neurotoxic shellfish poisoning (NSP), caused by brevetoxin and ciguatera fish poisoning (CFP) caused by ciguatoxin, azaspiracid shell fish poisoning (AZP) and clupeotoxin fish poisoning (CLP) (Wang, 2008; Ajani et al., 2017) .
Though the consequential effects of algal toxin in coastal water and the ecosystems are of global concern, nothing is known about ASP and PSP status and their monitoring in the coast of Nigeria. Previous studies in Nigeria specifically focus on algal taxonomy in specific water bodies within Nigerian coastline (Nwankwo, 1991; Ajuzie and Houvenaghel, 2009; Kadiri, 2011) . This work represents the first comprehensive and extensive study covering the Nigerian coastline as well as the pioneer study on algal syndromes in Nigeria. The aim of the study is to investigate the occurrence and spatio-temporal distribution of ASP and PSP in the coastal areas (Southsouth and South-west) of Nigeria. The coastal communities eat a lot of shellfish and these shellfish are filter feeders, feeding on the toxic phytoplankton algae when present. The study therefore will examine the presence of the syndromes consequent upon the feeding on the prevalent phytoplankton toxic algae.
MATERIALS AND METHODS

Study Area
The study was carried out in the Atlantic Ocean in Gulf of Guinea, in the Bight of Bonny to the east and Bight of Benin to the west.
The study area covers 20 stations selected across 10 locations to cover the entire coast (Cross River, Akwa Ibom, Rivers, Bayelsa, Delta, Ondo, Ogun, Lagos) Lekki, Bar beach and Badagry (Figure 1) of Nigeria (Kadiri and Isagba, 2016) lying between longitudes 3 • 24 and 8 • 19 E and latitude 4 • 58 and 6 • 24 N along the Nigerian coastline (Kadiri, 2002; Ajuzie and Houvenaghel, 2009 ). The stations Cross River, Akwa Ibom, Bayelsa and Delta are located in the South-south of Nigeria while Ondo, Ogun, Lagos-Lekki, Bar beach and Badagry are located in the South-west of Nigeria. Climatically, there are two main seasons in the area namely the rainy (wet) season spanning from May to October and dry season from November to April. The coastal area is humid with a mean average temperature of 24-32 • C and an average annual rainfall ranging between 1,500 and 4,000 m (Kuruk, 2004) .
Sample Collection
From March 2014 to February 2015, at 3 months intervals (March, June, October 2014 and February 2015) , phytoplankton algal samples were collected from the surface with horizontal tows of 10µm mesh size plankton net tied to a moving boat for about 10 min and content transferred to clean sample containers. At each location, one sample was collected each from the ocean and adjoining water body.
Algal Syndrome Screening
The Jellett ASP/PSP rapid testing, an in vitro qualitative lateral flow screen diagnostic test to detect the presence or absence of ASP/PSP toxins in phytoplankton was applied following the manufacturer's (Jellett Rapid Testing Ltd., 4654 Route #3, Chester Basin, Nova Scotia, Canada BOJ 1K0) instructional manual (Batch 40000-18 Feb 14-512). Phytoplankton concentrates were obtained by filtering 10 L of sea water through a plankton net of 10 micrometers. From these concentrated phytoplankton cells, 0.5 ml of 0.1 M acetic acid was added to 0.5 ml of phytoplankton cells in a clean vial, tightly capped and shaken 6 to 8 times. 0.4 ml of buffer was placed into this vial, and then 0.1 ml of phytoplankton cells was added and mixed. The mixture was placed into the sample well and the result read between 35 min and 1 h.
In order to check for differences between seasons and location, the data were subjected to statistical analysis, using Chi square test using SPSS software.
RESULTS
From this study, results showed the presence of the human syndromes of ASP and PSP. Syndrome detection was grouped and rated as low (25%) where only 1 syndrome was detected. Where 2 different syndromes either in same season or same syndrome type in different seasons were detected was rated medium (50%). A high (75%) syndrome detection rating was ascribed to situations where 3 syndromes (including 2 same syndromes at different seasons) were observed. The highest (100%) toxin detection rating corresponds to where 4 syndromes (including 2 of the same syndromes at different seasons) were found. Spatially, all of the locations across the coast recorded at least one detectable presence of a particular syndrome (Figure 2 ) from the South-south (SS) to the South-west (SW) coast of Nigeria. Low (25%) occurrence of syndromes were detected at 4 of the total of 10 locations, 3 of which were located at the SS (Akwa Ibom, Bayelsa, and Delta) and 1 at the SW (Ogun).
Seasonal consideration revealed that Akwa Ibom and Bayelsa had PSP in the wet season while Delta and Ogun had PSP in the dry season. Similarly, 4 of the 10 locations had medium (50%) detectable syndromes-records of 2 syndromes (including 2 same syndromes at different seasons) each. Two of these locations were observed in the SS (Cross Rivers, Rivers) and 2 in the SW (Ondo and Lekki). Cross Rivers location had both PSP and ASP detected in the dry season. Rivers location had PSP detected both in the dry and wet seasons. Ondo location had PSP in the dry and ASP in the wet seasons. Lekki location had both syndromes (PSP and ASP) in the wet season. A high (75%) syndrome detection of 3 detectable syndromes record (including 2 same syndromes at different seasons) was observed in the SW Badagry location. Here, PSP and ASP were detected in the wet season and PSP reoccurred in the dry season. Also in the SW, the highest (100%) detection of 4 detectable syndromes record (both syndromes at both seasons) was observed only at the Bar Beach location. Figure 3 shows the seasonal percentage syndrome distribution across the zones, reflecting the frequency of ASP and PSP prevalence in both SS and SW zones. The SW region had higher (64%) preponderance of total (ASP + PSP) syndromes detected in both seasons compared to the SS region with a total of 36%. Within the SW, rainy (wet) season alone, 37% (of the 64% total) syndrome was recorded while the other 27% was recorded for dry season SW. Conversely, lower values were recorded in the SS rainy season with 12% (of the 36% total) syndrome detected and 24% for dry season SS. Figure 3 also reveals that rainy season has 100% ASP in the SW and 0% in SS and 50% PSP each for SW and SS. Also, dry season had 50% ASP each for SW and SS but a bit higher 53% PSP for SW and 47% for SS. Figure 4 shows the profile of ASP and PSP distribution between the SS and SW regions. From the results, PSP had higher profile than ASP in both the SS and SW regions. The PSP values were concurrently higher in the SW than the SS. Overall, PSP had 68% incidence (37% in the SW and 31% in SS) while ASP had 31% (26% in the SW and 5% in SS). In summary, the SW region contained more ASP and PSP syndromes than SS region. PSP generally has higher occurrence than ASP in both zones. Rainy season has higher ASP and PSP for SW than SS.
Statistically, for PSP, no significant relationship was found between seasons and locations where samples were collected, X 2 (1, N = 200) = 2.020, p = 0.155, whereas in the case of ASP, a significant relationship was found between seasons and locations where samples were collected, X 2 (1, N = 200) = 66.667, p < 0.001.
DISCUSSION
From the SS to the SW, all sampled locations/zones had records of at least one syndrome of ASP or PSP (Figures 2, 3) . The SW locations recorded more ASP and PSP syndromes than the SS locations in this study with the Bar beach and Badagry locations with highest occurrences. This may not be unconnected with the higher prevalence of toxin-producing species generally observed in the SW in contrast to the SS locations . Earlier study by Zendong et al. (2016) recorded substantial quantities of specific marine algal biotoxins in SW Lekki and Bar beach relative to SS Rivers and Akwa Ibom. The SW coastal Nigeria is reckoned to be of more elevated salinity than the SS (Zendong et al., 2016) with greater preponderance for toxic dinoflagellates to survive (Delmas et al., 1992; Zendong et al., 2016) whereas the salinity of SS is diluted by the Niger delta inflows. The high salinity of Bar beach and Lekki was also stressed by Ajuzie and Houvenaghel (2009) . The result obtained in this study is in consonance with (Lucas et al., 2005) who reported ASP and PSP profiles with clear variations between regions, with the toxin content in the sample material obtained north of Aberdeen, the Scottish east coast, being lower than that in the remaining area under their investigation. The toxin profile obtained on the Scottish east coast was ascribed to the presence of different species or strains of toxic algae.
Major routes through the seaports by which ballast waters with toxic species open in and out to other countries have been recognized as sources of toxin contamination (Zhang and Dickman, 1999; Doblin et al., 2004) . It is interesting to note that the traffic of shipping activities in Nigeria is considerably a lot higher in the SW than in the SS region. In the northern and central California (2002 California ( to 2007 and many other areas worldwide, ASP and PSP have been detected (Rositano et al., 2001) . The presence of domoic acid, an ASP producer, was reported also in north and western European coastal zones (Lundholm et al., 1995; Dizer et al., 2001 ). In the Australian coast, Ajani et al. (2017) identified amidst other syndromes, PSP and ASP, describing them as major causes of worry, culminating in a huge loss of approximately AUD$23M in Tasmania in 2012.
The higher prevalence of PSP in comparison to ASP across locations and zones could be explained by the fact that only one algal genus, Pseudonitzschia within the diatom group, is responsible for ASP while quite an assortment of different genera/species of the dinoflagellate group and bluegreen algae are responsible for PSP. Pseudonitzschia delicatissima, P. multiseries, P. cuspidata, P. pungens, and P. australis are diatom species generally implicated in the biosynthesis of DA responsible for ASP (Ajani et al., 2017) . Ever since the first report of PSP event (illness and deaths) near San Francisco, CA, United States, caused by Alexandrium catenella, members of three dinoflagellate genera namely Alexandrium, Gymnodinium, and Pyrodinium have been reported to be the major sources of PSP toxins (Shumway, 1990) . Gymnodinium catenatum, Alexandrium catenella, A. acatenella, A. fundyense, A. minutum, A. tamarense, A. ostenfeldii, Pyrodinium bahamense (Ajani et al., 2017) , Cylindrospermopsis raciborskii, Aphanizomenon flos-aquae, Lyngbya spp., Anabaena circinalis (Lucas et al., 2005; Bittencourt-Oliveira et al., 2015) all synthesize saxitoxin responsible for PSP in both marine and fresh water. Most of these species have also been identified from the Nigerian coast .
The seasonal variation as observed in higher PSP/ASP in the rainy season relative to the dry season may have resulted from favorable conditions enhancing eutrophication, higher influx and proliferation of toxin producers brought by the rains in both SS and SW zones. The linkage of harmful algae to eutrophication has been documented and corroborated by other workers (Anderson et al., 2002) . Coastal eutrophication or nutrient enrichment is invoked by high inorganic nutrients from river discharges (Hodgkiss and Lu, 2004) and this culminates in HABs (Wang et al., 2003; Imai et al., 2006) . Nutrient enrichment in coastal areas arises from high-inorganic nutrients in freshwater runoff, sewage discharge, agricultural fertilizers, and nearby high-density coastal aquaculture (Qian and Liang, 1999) . The phosphate load in the aquatic ecosystems could also be attributed to farming activities whereby farmers apply phosphate fertilizers in their farms, hence surface run-off from the farms could increase phosphate load in the river water.
The syndromes ASP and PSP are characterized by several human health hazards. ASP is caused by Domoic acid, a watersoluble tricarboxylic amino acid and a potent glutamate receptor agonist. The symptomatic effects of ASP include gastrointestinal effects (e.g., nausea, vomiting, and diarrhea) and neurologic effects such as brain lesions, dizziness, disorientation, lethargy, seizures, short-term memory loss (amnesia), coma, and death (Quilliam and Wright, 1989; Hiolski et al., 2014) . Hiolski et al. (2014) found at asymptomatic exposure, significant alteration of transcription genes for neurological function and development, as well as impairment of mitochondrial function.
Paralytic shellfish poisoning is the oldest known intoxication and one of the most dangerous for humans, with a high rate of mortality. It is a worldwide distributed poisoning, with cases reported for North and South America, Europe, Africa and Asia (Zaccaroni and Scaravelli, 2008) . It is reported that worldwide that 1,600 cases of PSP occur yearly (Rodrigue et al., 1990) . Though PSP was more prevalent in temperate countries, it is now increasing in tropical regions (Rodrigue et al., 1990) . Report of Rodrigue et al. (1990) citing epidemic occurrence of PSP, indicated that the symptoms-persistent headaches, memory loss and fatigue occurred for weeks in some instances in Guatemala.
Paralytic shellfish poisoning is characterized by gastrointestinal and neurological symptoms, with nausea, vomiting, diarrhea, tingling or numbness around lips, gradual and more and more severe paralysis, respiratory difficulty, death in humans through respiratory paralysis (Kodama, 2000; Zaccaroni and Scaravelli, 2008) . PSP syndrome is caused by a suite of heterocyclic guanidines collectively called saxitoxins (STXs) which are heat-or thermo-stable and water-soluble non-proteinaceous toxins. Saxitoxin (STX) is one of the few toxins which are produced by both marine and fresh water (cyanobacteria) algae. Saxitoxins are responsible for about 2000 human cases/year, with a mortality rate ranging from 15 to 50% (Van Dolah, 2000; Marcaillou-Le Baut et al., 2001 ). Trainer and Hardy (2015) substantiated the high risk to human health following the detection of these toxin-causing syndromes in diets, water, stomach contents and ecological samples. Similarly, Repavich et al. (1990) reported the demise of cattle and other mammals from acute and chronic effects of these toxins. Pulido (2016) also found bloom of toxic Pseudonitzschia from the west coast of North America causing ASP syndrome when crab and clams were contaminated, leading to the shutting down of many harvesting centers and caution issued by regulatory agencies to end users.
CONCLUSION
The algal syndromes ASP and PSP have been recorded at substantial levels in coastal areas of Nigeria. These syndromes have various symptomatic effects on humans. It is evident from this study that Nigeria, which currently has no established harmful algal bloom/toxic algal monitoring program, has dangerous harmful algal syndromes throughout the entire coast. Beyond this pioneer qualitative study which has established unequivocally, the presence of these syndromes and perhaps others yet to be investigated within the SW and SS Nigeria, there is absolute need for further research to quantify the actual toxin concentration in our freshwater and marine ecosystems. The need for urgent regular monitoring/monitoring programs of Nigerian coastal waters is therefore emphasized.
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